The soft x-ray background observed from Earth contains contributions not only from outside the solar system such as the local bubble but also contributions from within the solar system, including contributions from the interplanetary medium, from the terrestrial geocorona, and from the magnetosheath. Great effort was spent on removing non-cosmic contamination from data collected during the ROSAT all-sky survey. Some of the contamination is the x-ray emission produced from charge exchange of solar wind ions with interstellar and geocoronal neutral gas. The time-varying component of this contamination was removed for the ROSAT survey, but the steady-state component was not. In this chapter, we present ROSAT ¼-keV and ¾-keV band all-sky maps of the cosmic soft x-ray emission with the steady state heliospheric and geocoronal components removed via modeling procedures. These new determinations of the "true" cosmic background x-ray emission will allow a re-interpretation of the nature of the local hot bubble. In particular, the thermal pressure of the bubble gas must be about a factor of two less than the pressures deduced from the original ROSAT all-sky survey.
INTRODUCTION
The Cravens et al. chapter in this book [1] reviewed the mechanism by which charge exchange between heavy solar wind ions and neutral atoms (SWCX -Solar Wind Charge Exchange) and molecules results in soft x-ray emission. The current chapter focuses on new modeling efforts designed to remove the steady, or slowly-varying, components of SWCX x-ray emission due to the heliosphere and geocorona from soft x-ray background intensities measured by the Roentgen satellite (ROSAT). ROSAT performed an all-sky survey of the cosmic diffuse x-ray background during 1990-1991. For this survey, Snowden et al. [2] generated skymaps of x-ray emission in three energy bands, namely:
(1) the ¼-keV, (2) the ¾-keV, and (3) the 1½-keV band. Astrophysicists are interested in the emission originating from outside the heliosphere, motivating Snowden et al. [2] to undertake several measures to remove known background sources, including the internal energetic particle-induced background associated with the Earth's magnetosphere [3] and solar x-rays scattered from the Earth's extended atmosphere [4] .
After these known sources of contamination were removed, some background emission of unknown origin remained, and was characterized by temporal variations on a scale of days.
The time-varying emission episodes were called Long Term Enhancements (LTE) [5] . Cox [6] and Cravens [7] suggested that the source of the LTE could be SWCX with neutrals in the heliosphere. Cravens et al. [8] demonstrated that a significant correlation exists between the LTE x-ray count rate (i.e., intensities) and the solar wind proton fluxes measured by IMP-8 upstream of the Earth's magnetosphere at the same times. This study concluded that the LTE were, indeed, due to SWCX with interstellar and geocoronal neutrals, and were consequently not cosmic in origin. The study also concluded that a significant, steady-state component of the SWCX emission almost certainly still remained in the published ROSAT skymaps. That is, the cosmic xray emission intensities in the maps were overestimated.
Robertson and Cravens [9] generated skymaps of SWCX geocoronal and heliospheric x-ray emission as observed from Earth for different seasons and look directions. They concluded that time of year and look direction affect the steady-state as well as the timevarying component of the emission. They estimated that about 50% of the ¼-keV ROSAT x-ray emission in the direction of the galactic equatorial plane and about 25% of the emission in the direction of the galactic polar regions were of heliospheric or geocoronal origin. Lallement et al. [10] estimated that contribution of heliospheric SWCX emission to the ¼-keV intensity could be even larger than deduced by Robertson and Cravens [9] . Lallement et al. [10] even suggested that at certain galactic longitudes, all the x-ray emission was from within the heliosphere, leaving no emission from the local hot bubble. Koutroumpa et al. [11, 12] also modeled heliospheric SWCX emission and found that the x-ray emission from the nominal ¾-keV energy band could be completely heliospheric in nature except for emission which was associated with specific cosmic features (e.g., supernova remnants and the Galactic x-ray bulge). Some further discussion is contained in the review chapter by Cravens et al. [1] and in other chapters in the current volume.
The purpose of the current chapter is to provide a more in-depth study of heliospheric and geocoronal SWCX emission for the look directions and times used in the ROSAT sky survey. In particular, we carefully include the ROSAT instrumental response functions for the ¼-keV and ¾-keV bands using an appropriate SWCX spectrum. This chapter will demonstrate that our earlier estimate of the contamination levels of the ROSAT survey intensities is about right.
SOLAR WIND CHARGE EXCHANGE EFFICIENCIES FOR ROSAT
The SWCX mechanism for producing x-rays and some of its consequences for solar system x-ray emission are reviewed in the Cravens et al. chapter in this volume. We now describe the methods we used to apply SWCX x-ray emission to the interpretation of the ROSAT survey maps.
The intensity of a specific transition line, j, at a photon energy E j , from a solar wind species (s) (e.g., O 7+ ions) is given by integrating the relevant photon production rate at some location (P j (s)) over the relevant path length (in the desired direction):
where the production rate depends on the target neutral density, the solar wind flux of the relevant ion species, the relevant charge exchange cross section for that species (and ion speed), and the relevant cascading probability for the specific transition, j, of interest. If relative ion composition (but not necessarily the total solar wind/proton flux) does not vary along the path, then the intensity expression can be separated into a part that contains the atomic collision parameters and a part that depends on the path-integral of the neutral density (either H or He, separately) and the solar wind proton flux:
where
n sw is the solar wind proton density at a particular location, u sw is the solar wind speed at that location and n n is the neutral density of either He or H at that location. The SWCX x-ray emission efficiency factor for transition, j, (due to species s) is given by:
where f s is the relative abundance of species s (e.g., oxygen, carbon,…), f sq is the fraction of species s in charge state q (e.g., fraction of all oxygen that is O 7+ ), and f sqj is the fraction of charge exchange collisions of species s and charge state q that leads to charge state q-1 and transition j. σ sq is the charge exchange cross section for species s and charge state q. The cross section depends on the relative ion-neutral speed (i.e., collision energy) and on the neutral target (in our case either helium or hydrogen). The energy dependence of the cross sections for a reasonable range of solar wind energies is not great (see [13, 1] . The solar wind during the ROSAT all sky survey (1990-1991) was relatively slow, and we used the slow solar wind composition described by Schwadron and Cravens [14] . Figure 1 shows an x-ray spectrum we calculated for the SWCX mechanism and for neutral hydrogen targets. The lines below 100 eV are not strictly in the x-ray regime but are included. Note the particularly intense lines near 560 eV, resulting from charge exchange collisions of O 7+ , leading to excited O 6+ ions, which result in emission from n=2 states.
In the past, we have used a "broad-band" energy efficiency factor for soft x-rays, rather than using a spectrally-detailed treatment. For the current work we need the efficiency factors for the ¼-keV and ¾-keV bands, each of which contains a large number of lines from many different species. Over such large bands, the effects of the variation of individual species and charge states is reduced in importance. Further, we have not measured f s and f sq for the solar wind during the ROSAT observations, so we must be content with the values derived for the mean slow solar wind. Therefore, we can create spectra due to charge exchange with Hydrogen (or Helium) with the mean slow solar wind, convolve that spectrum with the instrument response, and sum the result over the ¼-keV (or ¾-keV) band to calculate the effective efficiency factors, α 1/4 keV,H and α 3/4 keV,H , such that the count rate in a given band is given as
We have used the standard responses and effective fields of view for ¼-keV (¾-keV) of 6743 arcmin 2 (6540 arcmin 2 ). Thus to determine the modeled ROSAT count rate for a given look direction the Table 1 efficiency factors (α) must be multiplied by the appropriate Q-factor, which requires a knowledge of the solar wind proton flux distribution and the neutral gas distribution for a given time. 
SWCX X-RAY EMISSION FOR THE ROSAT 1990-1991 SKY SURVEY
In order to determine the ROSAT count rate for the survey period in each relevant direction, one needs the Q-factor for both He and H. We now describe our method for determining the solar wind flux at each time used in the survey.
Neutral Densities Used in the Model
The distribution of neutral H and He in the heliosphere was described by Robertson and Cravens [9, 15] . We used the Fahr hot model [16, 17, 18] for the interstellar neutral densities. In this model the Liouville theorem is used to determine neutral interstellar hydrogen and helium densities, subject to gravity, radiation pressure, and the extinction losses due to photoionization and charge exchange. We use the total ionization rates and the ratio of radiation to gravitational pressure appropriate for the 1990-1991 time period. Our model of SWCX with the geocoronal neutral hydrogen uses the Hodges [19] 
Solar Wind Conditions for the 1990-1991 ROSAT Survey and Time Averages
The hourly solar wind flux, proton density, solar wind speed, and proton temperatures for 1990-1991 measured by the IMP-8 observatory (launched in 1973) were obtained from the OMNI website. However, at some time intervals no data were available because the spacecraft was within the magnetosphere where no solar wind information could be obtained.
The time-varying component of SWCX x-ray emission, identified as the LTE by Snowden et al. [5] , has already been removed from the ROSAT all-sky survey maps in the original construction of the maps. However, any steady or very slowly-varying components of this emission (i.e., variations with time scales greater than a week) have not been removed. Cravens et al. [8] studied the time varying aspect of SWCX with interstellar hydrogen, interstellar helium and geocoronal hydrogen and concluded that the x-ray component associated with interstellar hydrogen (which is mostly removed from the inner solar system by ionization) varies little over time due to the large volume over which this emission is generated. In order to recreate any slow variations in the emission associated with interstellar hydrogen plus solar wind variations, we adopted a 7-day running average of the actual solar wind flux as observed by the IMP-8 observatory. Since IMP-8 was in the magnetosphere during significant periods of time, which causes gaps in the hourly data, any gap in the data was filled by looking up to three 27-day (solar rotation) cycles ahead or behind the time of observation. There is also an upwinddownwind heliospheric H density difference that leads to different x-ray intensities for these directions which is included in our calculations.
Unlike interstellar hydrogen, interstellar helium is found much closer to the Sun. Robertson and Cravens [15] found significant time variations of x-rays associated with interstellar helium. Look direction is also an important variable and the x-ray intensities are particularly high for look directions intersecting the helium focusing cone in the downwind direction [9] . In order to model this much faster variation in x-ray emission for the ROSAT survey a 3-day running average of the solar wind flux was calculated for each time of observation, followed by a 3-day running minimum. This was used as the solar wind flux input in our model calculations that will mimic what is remaining of SWCX with interstellar helium in the all-sky survey maps.
Finally, in order to eliminate any residual steady, or almost steady, part of the geocoronal SWCX x-ray emission, we used a 2-day running minimum of the solar wind flux as an input into our model of geocoronal-based x-ray emission. The methods used to determine the SWCX geocoronal x-ray emission were described by Robertson and Cravens [15] .
Construction of ROSAT Steady-State Maps
Our goal is to create maps of the SWCX emission due to components with time scales longer than those removed by Snowden as LTEs. The bin size used in the maps was 5 o ×5 o (latitude by longitude) in Earth-based solar ecliptic coordinates. The look direction and time of each individual observation in a given map bin were used to calculate the Q value and the x-ray intensities, and the results are averaged over all look directions and times of individual observations that lie within that bin. The SWCX model is run separately for charge exchange with interstellar hydrogen, interstellar helium and geocoronal hydrogen. An example of one of the average Q maps is shown in Figure 2 , where a two-day running average is shown as a function of look direction. Since each look direction was observed at a different set of times, each has a different solar wind history. In this case, this average solar wind flux was used with our model of geocoronal SWCX emission. Similar procedures were applied to the x-ray emission associated with heliospheric hydrogen and helium (not shown). As discussed earlier, the method of obtaining the temporal average of the time-varying solar wind flux is handled differently for each of the components, due to their different response characteristics [8] . The gaps in the map mainly come from times during which the ROSAT counter was turned off for passages through the radiation belts, or South Atlantic Anomaly, or because the data was rejected due to contamination by long-term enhancements [9] . Nonetheless, some variation (i.e, factor of 2) in the solar wind proton flux exists even for this 2-day running minimum case. The gaps present in our maps were filled by interpolating over the gaps first in the vertical direction and then in the horizontal direction. The maps were then transformed to galactic coordinates in order to facilitate comparison with the original survey maps. Figure 3 (middle panel) shows the original ROSAT 1990-1991 ¼-keV x-ray intensity survey map from Snowden et al. [2] after LTE removal. The results of our model for SWCX emission are shown in the top panel and represent our current best determination of the local contribution to the soft x-ray background emission in this band.
SWCX X-RAY EMISSION FOR THE ROSAT 1990-1991 SKY SURVEY -RESULTS

ROSAT ¼-keV Survey Maps
The observed ¼-keV x-ray emission evident in the figure was originally thought to be thermal emission from the hot (10 6 K) plasma in the local bubble [2] . The lower galactic latitudes (-45 o to +45 o ) at all longitudes have relatively lower intensities, but the intensity increases at higher latitudes. Some of the emission is from point sources. The maximum value of the scale is about 1500 × 10 -6 counts s -1 arcmin -2 , with brighter regions (from both point and small extended sources) clipped at that level. The top panel of Fig. 3 shows our model x-ray intensities for emission produced within the heliosphere for the survey time period (as discussed in the previous section). The "swath" of relatively high intensity at northern galactic latitudes is due to a combination of higher neutral density in this look direction and higher solar wind fluxes when ROSAT looked in these directions. The bottom panel of Fig. 3 displays ROSAT intensities minus the modeled heliospheric intensities for the ¼-keV band, and these corrected intensities represent our best determination of the cosmic (i.e., outside the solar system) soft x-ray intensities. On occasion the subtraction generated a negative result, in which case we set the intensity equal to zero in the map. In the galactic plane, the original x-ray intensities were about 400 × 10 -6 counts s -1 arcmin -2 , but this has now been reduced by half to ~200 × 10 -6 counts s -1 arcmin -2 at most longitudes. The longitude-averaged intensity for the galactic equator (minus the point sources at lat ≈ 0° and long ≈ -90°) is 415 counts s -1 arcmin -2 for the original map and is now 206 counts s -1 arcmin -2 . In the polar regions (latitude higher than 45 o or less than -45 o ), the original intensities were about 1000 × 10 -6 counts s -1 arcmin -2 , and are now about 700-800 × 10 -6 counts s -1 arcmin -2 , which is about a 25% reduction. We also carried out a simpler calculation of the solar system contributions to the xray background using a simple constant solar wind flux rather than using running averages and running minima for the survey period. We tried a solar wind speed of 400 km/s and a solar wind density of 7 cm -3 . In this case, variations with look direction are due to the various spatial distributions of the neutral densities. Our conclusion from this version of the model is still that about 50% of the low galactic latitude region and about 25% of the polar region is of heliospheric origin, confirming the conclusions of Robertson and Cravens [9] .
ROSAT ¾-keV Survey Maps
The ¾-keV band is thought to contain emissions from the local bubble, galactic and extragalactic sources [2] . But again, heliospheric sources can contribute, and this needs to be taken into account for any astrophysical interpretation. The same Q-factors for He and H (see equation (3) for information on neutral density and solar wind proton flux) were used for these calculations as for the ¼-keV band calculations, but the appropriate efficiency factors from Table 1 for the ¾-keV band were used.
The middle panel of Figure 4 shows the original ¾-keV ROSAT all-sky map, in galactic coordinates [2] . The top panel shows the results of our ¾-keV band heliospheric emission calculations, and the bottom panel shows the new corrected cosmic ¾-keV intensities. Apparently, about 25% of the central region of the ¾-keV skymap is heliospheric in nature, but about 50% of the emission in the region away from the galactic center look-direction (i.e., latitudes and longitudes higher than ±45 o ) can be attributed to SWCX x-ray emission from within the heliosphere. The remaining cosmic ¾-keV intensity is actually zero for some regions near the galactic equator. Similar to the ¼-keV map, we have calculated a longitude-averaged intensity for the galactic equator (minus the point sources at lat ≈ 0° and long ≈ -90°). The average is 146 counts s -1 arcmin -2 for the original map and is now 115 counts s -1 arcmin -2 .
IMPLICATIONS OF THE CORRECTED ROSAT SURVEY MAPS OF THE SOFT X-RAY BACKGROUND FOR THE LOCAL HOT BUBBLE
Our calculations have demonstrated that about half (in some directions more and in others less) of the soft x-ray background intensity measured during the ROSAT 1990-1991 survey is not of cosmic origin but is due to emission produced within the heliosphere by the SWCX mechanism. The properties of the local hot bubble must be reinterpreted in light of these results. Egger et al. [20] stated that one issue with the local interstellar medium was a pressure imbalance between the local cloud that our solar system is immersed in and the gas in the local hot bubble. If the soft x-ray background from the Local Bubble is lower in intensity than initially believed, this means that the hot plasma is less dense than expected, reducing the pressure and yielding a better agreement between the pressures in the local hot bubble and the local cloud. Clearly, reducing the x-ray emission reduces the density and pressure of the bubble and reduces the discrepancy between the bubble and the local diffuse clouds (e.g., [10] ). As noted by Shelton [21] and reviewed by Kuntz (this volume) the existence of substantial SWCX contamination means that we no longer know the temperature of the bubble, so many previous conclusions and models need to be revisited.
